Background: Hematuria is the most common presenting symptom in bladder cancer, but many patients are not adequately evaluated.
INTRODUCTION
Hematuria is the presenting symptom in the vast majority of bladder cancer patients. Asymptomatic microscopic hematuria (AMH) is a relatively common incidental finding in apparently healthy individuals, with reported rates of 9-18% in large screening studies [1] . The incidence of urological malignancies, primarily bladder and kidney cancers, diagnosed following the evaluation of hematuria varies from 2-5% in the setting of AMH in referred populations, reaching up to 10-20% in those with gross hematuria [2] [3] [4] [5] [6] [7] . Prompt evaluation of this presentation can lead to earlier diagnosis of cancer with possible improved survival [8] .
Historically the definition for AMH ranged from 1 to more than 10 red blood cells (RBC's) [9] . The American Urological Association (AUA) guidelines published in 2012 and revised in 2016 define microscopic hematuria as 3 or more RBC's and strongly recommend evaluation with cross-sectional imaging using multiphasic computed tomography (CT) along with cystoscopic evaluation of all patients aged 35 years or older without explained benign cause of the hematuria [10] . While the AUA guideline recommendations, if followed, would identify most cases of cancer, there is evidence in multiple studies that many patients with hematuria are not adequately evaluated [11] [12] [13] [14] .
The current recommended evaluation of hematuria, in particular that of AMH, is low yield, expensive, and subjects patients to high doses of CT-associated radiation. The costeffectiveness model developed by Halpern et al. showed that ultrasound coupled to cystoscopy was most cost-effective at $53,000 per cancer, while replacing ultrasound with CT resulted in the diagnosis of one additional cancer at an incremental cost of more than 6 million dollars [15] . These results call for rethinking the diagnostic algorithm, and to base the evaluation of patients on individual risk factors for genitourinary (GU) malignancies such as age, gender and carcinogen exposure [11, 16, 17] .
Meanwhile, many studies point to the incomplete evaluation of patients with microscopic hematuria with low rates of referral, as well as the inconsistency of such referrals across healthcare systems [12, 13, 18, 19] . Most of these studies focus on health care systems in which the patients have insurance and ready access to care. We sought to evaluate the patterns of referral and complete evaluation for microscopic and gross hematuria in a large public health care system. We also recognize that there is often a delay of diagnosis in women due to presumed urinary tract infection (UTI) and wanted to assess the impact of this diagnosis on evaluation and cancer rates.
PATIENTS AND METHODS
After obtaining the approval of the Institutional Review Board, the electronic medical records of the Parkland Health and Hospital Systems were retrospectively queried for patients with urinalysis (UA) with ≥3 RBC per high power field (RBC/HPF) from January 2015 to April 2018, allowing for 3 months of follow-up after the UA results. Parkland Health and Hospital Systems includes a central hospital as well as 12 health outpatient centers, 12 school-based clinics and five mobile vans. In 2018, there were 1,037,320 outpatient visits, 242,640 emergency room visits and 72,341 hospital discharges.
Inclusion Criteria:
1.
Age of 18 or above
2.
≥3 RBC/HPF on a UA performed in the outpatient clinic or the emergency room Exclusion Criteria:
1.
UA performed in the inpatient setting
2.
Patients with prior visits in any urology, nephrology, or oncology clinics prior to the date of the positive UA
3.
Prior kidney transplantation Demographic information about age, gender, race, smoking, and major comorbidities like diabetes mellitus, hypertension, and obesity was collected, along with other information related to the positive UA and the subsequent medical care, including repeat UA, urine culture, cytology, imaging pertinent to the diagnosis, referral to urology for completion of evaluation, and final diagnosis. Age and number of RBC's on UA were quantified. Complete evaluation was left to the discretion of the treating urologist and defined as receiving upper tract imaging and endoscopic evaluation of the bladder. GU malignancy was reported as bladder or kidney cancer diagnosed as part of the evaluation of the hematuria. We excluded patients with prior history of prostate cancer. All charts of patient with GU malignancy were examined for stage and grade of the malignancy. The primary analysis excluded patients who were initially diagnosed with a UTI but a secondary analysis included patients who had initial diagnosis of UTI.
Chi-square and Mann Whitney U tests were used to evaluate categorical and continuous variables respectively. Univariable and multivariable binary logistic regression analyses were performed to identify factors associated with referral to urologic evaluation, and with completion of evaluation. Statistical tests were performed using SPSS version 25.0 (Armonk, NY: IBM Corp.).
RESULTS
The cohort consisted of 11,422 patients who satisfied the inclusion criteria over the 40 months period, with a median age of 49.0 (interquartile range [39.0-60.0]) years, and 67% of subjects aged between 35 and 65 years. Our cohort consisted of predominantly females (72%) and those of white (including Hispanic) race (60%). Demographic data are presented in Table 1 . The cohort was divided into patients who were referred to urology for evaluation and those who were not referred, with cystoscopic evaluation performed by only urologists.
The number of RBC's on initial UA was 3-19 in 9,933 patients (87% of the total cohort), but only 1,005 (10.1%) of those were referred to urology. The type and frequency of different tests performed in referred and non-referred populations is shown in Figs. 1 and 2 . Figure 1 shows the population when excluding patients with initial diagnosis of UTI. Figure  2 shows evaluation in patients with initial diagnosis of UTI. Repeat UA was performed in 5,720 patients (50%) including 4,788 (47.3%) and 932 (71.4%) in non-referred and referred populations, respectively (p < 0.001). Cystoscopic evaluation in clinic or in the operating room was performed in 508 patients, and it was complemented by upper tract imaging in 462 patients. Imaging was performed in a total of 3,637 patients, including 2,636 (26%) and 1,001 (76.6%) of those who were not referred and referred, respectively (p < 0.001). In both referred and non-referred populations, renal US was used slightly more than CT abdomen/ pelvis.
Univariable analysis was used to evaluate predictors of urology referral ( Hypertension as comorbidity and smoking status were both insignificant on multivariable analysis.
Urothelial (bladder and upper tracts) or renal malignancies were diagnosed in 24 patients in the initial cohort which represents an incidence in entire population of 0.21% and was 1.8% among referred population and 5.2% among those who had a complete evaluation. Bladder cancer accounted for the majority (n = 20). Four patients had Ta disease, and 3 of those had low grade disease. One patient had an invasive upper tract urothelial carcinoma of the renal pelvis, and 3 patients had renal cell carcinoma with stages of T1a, T1b, and T3a (Tables 4  and 5 ). The hematuria was not attributed to a GU diagnosis in 69.6% and 57.5% when excluding and reincluding UTI patients in the cohort, respectively (Tables 6 and 7 ).
The initial cohort of patients with ≥3 RBC/HPF consisted of 14,663 patients and in the analyses above, we excluded 3,241 patients with a diagnostic code of UTI at initial assessment. However, we noted that many of these patients were subsequently referred to urology. We re-analyzed the data to determine what additional testing was performed in these patients and found similar association with referral as in patients without UTI on initial diagnosis (demographic distribution and logistic regression analyses in Supplementary  Tables 1-3 ). Among the patients excluded for a UTI diagnosis, 13 additional patients were diagnosed with bladder cancer, 5 of whom had at least muscle-invasive disease and 11 had high-grade disease.
When reviewing the charts of all 37 patients with urologic malignancy and 3-19 RBCs/HPF, we noted that 16 had a repeat UA of whom 13 had persistent hematuria. Two of the 3 patients who had less than 3 RBCs on repeat UA had masses on imaging (one bladder and one renal) and would have been diagnosed based on these criteria. Three patients did not have repeat UA of whom one had a history of gross hematuria while the other 2 had kidney cancer on imaging.
DISCUSSION
This study to our knowledge is the largest report on evaluation of hematuria in a public health care system. Patients in this safety net health care system in Dallas County have access to 10 outpatient primary care clinics with a centralized hospital which has an outpatient urology clinic. Most of the patients have lower socioeconomic means and lack resources to obtain care outside of this healthcare system. In our study, we found a low rate of referral for hematuria across all risk-categories of patients with hematuria. Only 11.4% of the total cohort were ever evaluated in a urology clinic, and only 462 patients (4%) underwent complete evaluation. In our system, seeking care outside this health care system is expected to be minimal, and urology visits occur on the basis of physician-to-physician referral. As such, patients who meet criteria for referral based on AUA guidelines are all given an appointment. This means that denial of an appointment with urology is not the cause for low referral rates. While the rate of referral to urology was low, it mirrors the rate reported in the Kaiser Health Care System where 7,778 (2%) patients were referred to urology from a cohort of 389,207 [11] . Perhaps these low referral rates are not surprising because when primary care physicians (PCP's) are asked about their referral patterns, less than half recommended referral of patients with microscopic hematuria despite their knowledge of its association with bladder cancer, while up to one third would refrain from referring high-risk patients with painless gross hematuria [18, 20] .
The risk factors for bladder cancer are established with increasing age, male gender and smoking representing the main risk factors for the disease [17] . When evaluating predictors of referral in our cohort, age, gender, and high blood pressure were independent predictors of referral to urology but smoking history was not. This is concerning because smoking is the main carcinogen associated with bladder cancer and significantly increases the risk of disease. The number of RBCs was also a predictor of referral. We did not have information on the presence of gross hematuria, but the number of RBCs did impact decision making on the part of PCPs. Despite meeting AUA criteria for microhematuria and having established risk factors, 78% of men, more than 85% of patients over 50 years of age, 80% of patients with more than 99 RBCs/HPF and more than 85% of current or former smokers were not referred for evaluation. Similar to our present results in a public hospital system, a previous study from our group evaluating patients in a private health care system found that female gender and black race were associated with lower referral, while older age, smoking status, and gross hematuria were associated with higher referral [14] . A study by Friedlander et al. of 2,455 primary care patients aged 40 years or more and diagnosed with hematuria found that 13.7% of patients underwent cystoscopy within 180 days. In this same study, while age and gender were associated with cystoscopy and imaging, smoking was associated with higher rate of imaging but not of cystoscopy [13] . The AUA guidelines continue to emphasize that smoking is a major risk factor that necessitates cystoscopic evaluation, raising the concern that smoking is not associated with urologic referral in our study or in others.
One factor that likely impacts rates of referral is the large discrepancy between rates of cancer in general populations with hematuria when compared to cancer rates in referred populations. The rate of bladder cancer in referred populations with microhematuria ranges from 2-5%, but is significantly lower in studies evaluating general populations with hematuria [10] . A retrospective study of more than 150,000 patients with hematuria reported a 3-year incidence of urinary tract malignancy of 0.68% [21] . In the study by Loo et al. including 1,117,542 patients of which 456,674 had microscopic hematuria on one UA and 389,207 had 2 positive UA results there were 100 bladder cancers diagnosed among 4414 patients evaluated (2.3%) and 11 renal cancers (0.2%) [11] . From the urologist perspective the rate of cancers was 2.5% since these were referred and evaluated but from the PCP perspective there were 111 cancers from 456,674 or 0.02%. The cancer rates in our population of 0.21% is in line with prior reports. While one recognizes that there are likely some missed cancers among patients that are not evaluated, there is a significant difference in rates of cancer such that many PCPs end up referring many more patients than end up diagnosed with disease.
One area of concern with bladder cancer is delay in diagnosis. We noted that over 3,000 patients with hematuria had an initial diagnosis of UTI. This was disproportionately seen in women. While UTIs can lead to microscopic blood in the urine and it is not recommended to refer these patients for evaluation, many patients were still seen in urology and 13 of 3,241 patients were diagnosed with bladder cancer, 11 of whom had high-grade disease, and 5 had at least muscle-invasive disease. In fact, a study of 1,318 patients with bladder and kidney cancer in the United Kingdom (UK), 417 of whom were women, showed that women were 2.5 fold (p < 0.001) more likely to require 3 or more primary care consultations prior to referral, which resulted in delayed diagnosis of a urological malignancy [22] . Whether those advanced cases could have been diagnosed earlier if investigation of hematuria was performed earlier could not be determined. In our cohort more than half the patients did not have a diagnosis to explain their hematuria with the caveat that most did not have much evaluation.
In an effort to improve referral and better identify patients with disease, there have been several studies to try to risk stratify patients [11] [12] [13] 18] . A "Hematuria Risk Index" used several factors with higher odds ratios in their model (history of gross hematuria and age of 50 years or older) and assigned them 4 points, whereas factors with lower odds ratios (history of smoking, male sex, and > 25 RBC/HPF on a recent UA) were given 1 point [11] . Similarly, a "Hematuria Cancer Risk Score" comprised age, gender, hematuria type, and smoking status with an area under the curve of 0.77 and 0.84 for ROC curve in the development and validation cohorts, respectively. At a derived threshold of 4.015, the model had a sensitivity of 98.6%, detecting an additional 11.4% of genitourinary malignancies that would have been missed based on the NICE guidelines, and a specificity of 30.5% compared to 12.6% when AUA guidelines are followed strictly [23] . Other studies incorporated risk factors such as age, gender, smoking status, gross versus microscopic hematuria and urinebased tumor markers to identify patients more likely to have malignancy [24, 25] .
A recent review was performed of the hematuria guidelines from the American Urological Association; the consensus statement by the Canadian Urological Association, Canadian Urologic Oncology Group and Bladder Cancer Canada; the American College of Physicians; the Joint Consensus Statement of the Renal Association and British Association of Urological Surgeons; and the National Institute for Health and Care Excellence [26] . While all the guidelines recommended evaluation of patients without known benign causes of AMH using cystoscopy and upper urinary tract imaging there were discrepancies with regard to age, threshold for recommending evaluation, number of abnormal UAs and the optimal imaging method (computed tomography vs ultrasonography). For example, while the AUA uses age 35 as a threshold, the latest NICE guidelines increased the recommended age for urgent evaluation of AMH to 60 years from 50 years. However, our cohort had 14 of the 24 malignancies aged between 50 and 64, whereas the median age of diagnosis of bladder cancer in a contemporary UK cohort was higher than 70, and only 15% of patients were younger than 60 years of age [27]. It is possible that patients in a lower socioeconomic status have a higher incidence of cancer at a younger age and this needs to be further studied. Both the AUA and ACP define AMH as the presence of ≥3 RBC/HPF in a single properly collected specimen, while the Canadian Consensus Statement defined AMH as ≥3 RBCs/HPF in two separate urine samples as in the prior AUA guidelines. The American College of Obstetricians and Gynecologists and the American Urogynecologic Society recommend that asymptomatic, low-risk, never-smoking women aged 35-50 years undergo evaluation only if they have more than 25 RBC/HPF [28]. When we consider how a change in guidelines based on number of positive UAs are needed to recommend evaluation or number of RBCs, we note that 19 of the 37 (nearly 50%) GU malignancies diagnosed had only 3-20 RBC's on initial UA. A closer look found that 13 of the 19 patients had a repeat UA with persistent hematuria, 1 had a history of gross hematuria and 4 had suspicious lesions on imaging. As such only one patient might have been missed if a criterion of 2 UAs would have been used. Using risk factors in isolation would not be helpful since 6 patients were under age 50, 16 did not report a history of smoking and 19 were women. As such a combination of risk factors would be necessary to try to find all cases of malignancy. This analysis demonstrates further that strategies based on combinations of risk factors are likely the best approach to optimize the investigation of hematuria.
The limitations of this study are mostly related to the retrospective design of such a large cohort of patient. A main challenge is to identify the cause-effect relationship of the variables identified towards the decision making, particularly whether referral was related to the general practice of PCP's, the financial resources available, or the lack of compliance of patients. Identifying whether repeat UA or performing upper tract imaging was the reason for urology referral or was requested to save time pending the urology visit or even ordered by the urologist was another challenging limitation. In addition, it was not possible to identify the driving factors for cystoscopy by urologists, nor whether a positive urine culture following the hematuria always signified a urinary tract infection that needed to be otherwise excluded. It was not possible to know if a patient had gross hematuria separate or in addition to the microscopic findings on UA. The number of RBCs was used as a tool in the analysis but cannot replace a good history from the patient. While we evaluated racial differences in this cohort, Hispanic patients of which there are many are categorized as white, so it was not possible to segregate this association in this analysis. Finally, although unlikely that patients continued their care in another healthcare system, we might lack accurate data about the follow-up in all patients.
CONCLUSION
Hematuria is a common finding in patients in the public health care systems. As with other health care systems, referral rates are low and physicians are inconsistent in using known risk factors for malignancy in guiding their referral patterns. A risk-adapted approach from the guidelines may reduce the number of patients who are recommended to be referred but requires a careful balance of several risks to avoid missing cancer cases.
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biomarkers from a urine sample to triage out patients presenting with hematuria who have a low probability of urothelial carcinoma. BMC Urology. 
KEYPOINTS

•
In a large public health care system, hematuria is common but only 11.4% were referred to urology, 4% of patients underwent complete evaluation and cancer incidence was 0.21% after excluding patients with urinary tract infections.
• In the multivariable analysis, factors independently associated with a higher likelihood of referral to urology were age > 35, male gender, hypertension, and RBCs ≥20 while smoking did not impact referral patterns.
• In the outpatient setting of a public health care system, the vast majority of patients with hematuria are not referred and evaluated properly across all age categories and regardless of smoking status. Distribution of testing performed in hematuria population. Uro = urology; UA: urinalysis; UCx: urine culture CT: computed tomography; US: ultrasound; MRI: magnetic resonance imaging; IVP: intravenous pyelography. The numbers for imaging performed are not mutually exclusive as more than one imaging modality could be used in each patient. Work-up and upper tract imaging in patients with hematuria excluded from initial cohort. Uro = urology; UA: urinalysis; UCx: urine culture CT: computed tomography; US: ultrasound; MRI: magnetic resonance imaging; IVP: intravenous pyelography. The numbers for imaging performed are not mutually exclusive as more than one imaging modality could be used in each patient.
Ghandour et al. Page 14 Table 1 Demographic variables and stratifications according to urology referral Table 4 Distribution of patients with genitourinary malignancy Table 5 Distribution of GU malignancies by organ, stage, and grade in patients excluding UTI and with initial diagnosis of UTI Low (2) pT1 (1) High (17) pT1 (3) High (11) pT1 + CIS (1) pT1 + CIS (1) pT2 (8) pT2 (1) pT3-T4 (6) pT3-T4 (4) Table 6 Final presumed diagnosis for hematuria after exclusion of patients with urinary tract infections Table 7 Final presumed diagnosis for hematuria in the complete cohort including patients with urinary tract infections N: total number of patients; GU: genitourinary; BPH: benign prostatic hyperplasia; CKD: chronic kidney disease; UTI: urinary tract infection.
